Abstract. IgM was the main immunoglobulin seen by immunofluorescence and immuno-
The importance of secretory immunoglobulins in the defense of the respiratory tract against inhaled antigens is well established [18, 20, 21] . Immunoglobulin A (IgA) has been shown to be the major immunoglobulin in respiratory secretions of man [11, 14] , cattle [12] and sheep [16] .
Immunofluorescent studies have shown a predominance of IgA-containing cells in the bronchial mucosa of the pig [2] and mouse [4] as well as in nasal glandular secretory ducts of man [6] . The predominance of IgA-containing cells in both the upper and lower tract in the growing pig was confirmed recently by an immunoperoxidase technique [5] . No histological studies of this type have been reported in sheep.
Materials and Methods
Specimens were collected from seven newborn lambs and IS older sheep of various ages from field and abattoir sources. Most were Scottish Blackface or Scottish Blackface hybrids. Blocks of tissue 3 mm thick were selected from three different areas of the lung parenchyma, primary bronchus and nasal turbinate of each sheep. They were collected within a few minutes of death and fixed in cold alcohol for 24 hours. After being processed (IS], they were embedded in paraffin wax at 50°C and stored at 4°C.
Monospecific antisera to ovine immunoglobulins G, A and M (IgG, IgA and IgM) were prepared [16] . Sheep anti-rabbit IgG and rabbit anti-sheep IgM were labelled with horseradish peroxidase (Sigma Chemical Co. Ltd., S1. Louis, Mo.) [3] . Tissues from five adult sheep were studied with an indirect staining technique. Freshly cut dewaxed sections 5 p.m thick were stained with rabbit antisheep IgA or IgG and then by fluorescein labelled sheep anti-rabbit IgG (Wellcome Ltd., Beckenham, England). Slides were stained for 30 minutes at room temperature in a humid chamber and washed for 30 minutes in three changes of phosphate buffered saline between each step of the staining procedure. Sections were mounted in Tissue-Tek II (Lab-Tek Products, Div. Miles Laboratories, Napierville, Ill.) and examined by dark-ground, incident-light microscopy on an ultraviolet microscope:
Prior to immunoperoxidase staining wax was removed and all sections were treated with fresh 0.5% hydrogen peroxide solution in methanol to reduce endogenous peroxidase activity [8] . The IgA and IgG immunoperoxidase staining procedures were similar to those for immunofluorescent staining except that the peroxidase-conjugated sheep anti-rabbit IgG was substituted for the fluorescein-labelled antiserum. For localization ofIgM a direct method was used in which horseradish peroxidase was conjugated to specific rabbit anti-IgM sera. Peroxidase activity was shown by the diaminobenzidine reaction [3] after which all sections were counterstained with weak haematoxylin.
The degree of background non-specific staining was checked by comparing the results obtained by this method with those obtained by staining serial sections with the immunofluorescent technique. Since the results obtained by both methods were similar in studies on five adult animals, the immunoperoxidase method alone was used on the remaining animals because of its advantages over immunofluorescence [13] .
Immunoglobulin-containing cells were counted for each section in 30 randomly selected high power fields (X240) in the nasal and bronchial mucosa and in 300 fields for the lung parenchyma [5] . A mean value for each tissue from each animal was then calculated. Serial sections were examined whenever comparison between the three classes of immunoglobulin were made.
. Results
Newborn lambs
No IgO staining was detected in tissues from colostrum-deprived lambs ( fig. la) . In contrast, colostrum-fed lambs showed strong, diffuse staining throughout the loose connective tissue in the lamina propria of the nasal turbinates and bronchial tree ( fig. Ib) . Moderate amounts ofigO staining also were seen in the interstitial tissue of the lung parenchyma and in the mucosa secretions of the nasal cavity and bronchi. No lymphoid cells containing IgO were present and IgO was not seen in the mucosal glands, muscle or cartilage.
In 70 to 80% of the nasal and bronchial mucosal glands of all lambs there was strong cytoplasmic IgM staining (fig: 2). Although most cells were stained in most acini, occasional groups of acini were unreactive. Definite but less marked staining also was seen in the lumina of many glands and in the mucous secretions covering epithelial surfaces.
Tests for IgA resulted in weak staining in the connective tissue surrounding blood vessels and in the nasal and bronchial secretions covering epithelial surfaces in both colostrum-deprived and colostrum-fed lambs. In some colostrum-fed lambs, serous glands in the nasal and bronchial lamina propria occasionally also showed mild cytoplasmic staining for IgA.
Normal older lambs and adults
The nasal and bronchial glands and associated lymphoid tissue were poorly developed in sheep less than 1 year old, compared to mature adults. In 2-month-old lambs, cells containing each of the three different classes of immunoglobulin were found occasionally in the nasal and bronchial mucosa. These increased in number with age (table I) , but in all age groups IgA-containing cells predominated. The mean ratio of IgA-to IgG-containing cells for all age groups was about 1:1 in the nasal cavity, 2.5:1 in the bronchial mucosa and 2:I in the lung. IgM-containing cells were the least numerous and on average were outnumbered by IgA cells by more than 3: 1. Both IgA-and IgM-containing cells were seen throughout the loose connective tissue below the bronchial and nasal epithelium and in the connective tissue between bronchial and nasal glandular acini ( fig. 3 ). IgG-containing cells were found in similar locations ( fig. 4 ) but also were seen often in clumps adjacent to perivascular and mucosal aggregations of lymphoid tissue. In the lung, all three types of immunoglobulin-containing cells were associated mainly with lymphoid aggregates adjacent to bronchioles or blood vessels. There was intense staining of IgA in the lumina of many nasal and bronchial mucosal glands and in the mucous secretions covering epithelial surfaces (table II) . Less marked staining was seen in perivascular and peribronchial connective tissue, in the cytoplasm of the cells in some glandular acini, and surrounding alveolar macrophages in the lung. IgG was distributed diffusely throughout the mucosal connective tissue, particularly peribronchially and perivascularly, and was only rarely seen within epithelial structures. In contrast, IgM was distributed throughout the cytoplasm of most cells in the nasal and bronchial glands; in several sheep large sections of mucosal epithelium also showed cytoplasmic staining for IgM and to a lesser extent for IgA. Serial sections of bronchial and nasal mucosa indicated, however, that in some sheep segments of epithelium may have transported IgA, IgM and occasionally IgG (fig. 5 ). The amount of epithelium involved varied among sheep but was usually only a small proportion of the total surface in each section.
Adult sheep with respiratory disease
Two sheep with chronic bronchopneumonia similar to that described as "atypical" pneumonia [19] , one sheep with chronic bronchitis and one sheep with chronic rhinitis were examined (table III). The affected tissues had severe epithelial hyperplasia with mixed leucocytic infiltrations of the nasal and bronchial mucosa and submucosa or of alveolar and interstitial spaces. The extracellular distribution of immunoglobulins was similar to that of normal adults although the staining was more intense. In addition, a greater proportion of cells, particularly in the more hyperplastic areas of nasal and bronchial epithelium, showed cytoplasmic staining for all three classes of immunoglobulin.
In affected areas of the upper respiratory tract there was a two-to three-fold increase in all three classes of immunoglobulin-containing cells (table III) , whereas in the pneumonic lungs, there were 10 to 15 times more immunoglobulin-containing cells than in normal lungs. IgA cells remained the predominant immunoglobulincontaining cells in areas of chronic rhinitis, bronchitis and pneumonia. About 1.5 times as many IgA-as IgG-staining cells were in these areas and IgG cells exceeded IgM-staining cells by a similar amount. In areas of the respiratory tract remote from the primary inflammatory process, IgG-staining cells were often more numerous than IgA-staining cells and usually two to three times more numerous than IgM cells. All the immunoglobulin-containing cells had a greater range of staining density and a more variable morphology than those in normal sheep. No attempt was made to differentiate mature plasma cells from proliferating immunoblasts.
Discussion
The predominant class of immunoglobulin in the lymphoid tissue in the ovine respiratory mucosa is IgA. In this respect the sheep is similar to those other species that have been investigated [5, 22] . No immunoglobulin-containing cells were present at birth but they accumulated gradually during the first few months of life and a large local population of IgA-containing cells were found in the bronchial and nasal mucosa of normal adults.
The studies on newborn lambs emphasized the value of adequate colostrum ingestion and absorption of IgG to provide protection of tissues of the respiratory tract. The results complement the previous finding of IgG as the major immunoglobulin in the nasal and lacrimal secretions of newborn lambs [17] . Because no secretory immunoglobulins were found before suckling, it was concluded that the immunoglobulins were maternally derived [17] . There was no evidence to suggest, however, that significant amounts of IgA were transported to the respiratory tract after absorption from colostrum [17] , a conclusion confirmed by our study. Newborn piglets differ in that absorbed colostral IgA is passed into the respiratory secretions via the mixed mucoserous glands of the nasal and tracheobronchial mucosa [5] .
IgM was present in the nasal and bronchial secretory glands in both colostrumdeprived and colostrum-fed lambs. This immunoglobulin presumably originates from serum IgM produced by the central lymphoid tissues of the foetus. IgM is the most consistently detected and usually the most abundant immunoglobulin in precolostral serum samples derived from lambs [9, 17] . Evidence indicates that in other species IgM may be selectively secreted across the mucosal epithelium of the intestine [1, 2, 6, 7] . In studies of the respiratory tract, however, IgM has been barely visible in the cytoplasm of the mucosal gland cells in newborn piglets [5] and adult humans [6] . Although current findings suggest that the respiratory tract of the newborn lamb may have a greater dependence on IgM than that of piglets or man, IgA or IgM is not detectable in nasal and lacrimal fluids until lambs are a week old [17] .
Apart from the occasional small areas of epithelium where apical staining of the cytoplasm was observed, the bronchial and nasal epithelial cells of normal animals did not stain for immunoglobulins despite heavy staining of the overlying secretions. The less differentiated cells of the hyperplastic bronchi, bronchioles and nasal epithelia in diseased sheep, however, showed moderately strong cytoplasmic staining for IgA, IgM and less strong for IgG. Studies on the secretion of IgA in the intestine of rabbits have shown that specific antibody can be detected in the crypt but not the villous cells [10] , indicating that alterations occur in epithelial cells with maturation which can prevent the entry of IgA. Our findings suggest that immature proliferating cells in the respiratory epithelium may have a similar ability to transport immunoglobulins. In addition, it is likely that some passive movement of IgA and other immunoglobulins from serum into secretions will occur in the presence of inflammation and increased vascular permeability [20] .
